The objective of this study was to determine complete blood count (CBC) abnormalities in Libreville blood donors to advocate for hemoglobin pre-donation implementation and to take into account CBC results in blood donation qualification. Methods: This retrospective study was conducted with 4,573 blood donors in March 2016 and from January to April 2017. CBC was performed using SysmexXP-300 TM hematology analyzer (SYSMEX Corporation, Kobe, Japan). Results: Blood donors were predominantly males (83.7%) with an age ranging from 18 to 59 yrs. The abnormalities of leukocyte, platelet, and erythrocyte counts were determined in blood donors. Leukopenia and thrombocytopenia were significantly more common in men than women (29.02% vs 24.4%, p = 0.011 and 16.2% vs 7.5%, p < 0.001). Only 1.0% of women and 0.84% of men had leukocytosis, and 0.7% of women and 0.2% of men had thrombocytosis. Anemia was significantly more common in women compared to men (69.4% vs 45.0%, p < 0.001). Normocytic normochromic and normocytic hypochromic anemia were most common among Libreville blood donors with 39.4% and 23.6%; followed by microcytic normochromic (18.7%) and microcytic hypochromic (13.2%) anemia. Normocytic normochromic and normocytic hypochromic anemia were significantly more common in men than in women, whereas microcytic normochromic anemia was more prevalent among women compared to men (34.6% vs 13.9%, p < 0.001).
end with the transfusion of the compatible blood product to the recipient are essential to observe in order to guarantee the quality of the transfused products [2] . One of these most important steps is the blood donation qualification by the transfusion physician during the pre-donation interview [3] .
The qualification for blood donation is done by checking the donor for certain clinical and hematological parameters to evaluate their ability to donate. The measurement of hematological parameters in transfusion medicine is important in that it allows the detection of quantitative abnormalities of the cellular elements of the blood. However, according to the report of the transfusion research group in French-speaking Africa, the measurement of these parameters is very little done in sub-Saharan Africa during the biological testing of a blood donation [4] . The measurement of hemoglobin is the only pre-donation screening preventing the occurrence of donation-induced anemia. It also avoids bleeding in an already anemic donor.
Various factors are known to cause changes in the rate of red blood cells in an individual, such as sex, age, pregnancy, altitude, and ethnicity [5] . The measurement of hemoglobin and the assessment of anemia should be corrected taking into account ethnicity. Indeed, it has been shown that the average values of hemoglobin levels of African-American subjects are lower than those of American subjects of other ethnic origins [6] . A recent report has shown lower hemoglobin values in Africans compared to Caucasians [7] . Most blood centers perform hemoglobin testing during the pre-donation interview using the copper sulfate method in relation to its very low cost. However, previous studies have shown that anemia was observed in 42% of blood donors in Africa [8, 9] . While progress has been observed at the National Blood Transfusion Center in Libreville in terms of reducing the post-transfusion risk of transfusion-transmissible infections, measures taken to improve the blood donation qualification during the medical interview need to be improved [10] [11] [12] . Indeed, the hematological parameters of the donor are verified post-donation and are only clinical information for the donor.
The measurement of the hemoglobin level that represents the hematological parameter of eligibility for donation is not yet done during the pre-donation medical interview. This study was designed to evaluate the erythrocyte, leukocyte, and platelet counts of firsttime blood donors of Libreville to determine the prevalence and characteristics of their abnormalities.
Methods

Blood donors
A cross-sectional analysis of blood donor data collected first in March 2016 and second between January and April 2017 was conducted at the National Blood Transfusion Center (NBTC). All apparently healthy voluntary non-remunerated donors (VNRD) and family/replacement donors (FRD) were selected after responding to a range of questions including medical history. Individuals aged 18 to 59 yrs and weighing ≥ 50 kg were eligible for blood donations. All candidate donors responded to questions aiming at the exclusion of transfusion recipients, individuals who had jaundice or signs of hepatitis, pregnant women, and persons with unsafe sexual behavior during the six months prior to blood donation. Blood donors signed a written informed consent forms prior to blood collection. Venous blood was collected in the blood bags following standard procedures.
Hemogram profile determination
The complete blood count (CBC) was performed using an automated Hematology Analyzer Sysmex XP-300 TM (SYSMEX Corporation, Kobe, Japan) according to the manufacturer's instructions.
The instrument automatically counts and gives a printout result of absolute numbers of erythrocytes (RBC) (10 12 /L), hemoglobin (g/dL), hematocrit (%), MCV (fl), MCHC (g/dL), leukocytes (WBC) (10 9 /L), and platelets (10 9 /L).
Statistical analysis
donors ranged from 18 to 49 yrs for women and 18 to 59 yrs for men. The age groups 20-29 and 30-39 yrs were the most represented in both women (52.2% and 34.9%) and men (48.4% and 35.8%) ( Table 1 ). 
Mean values of the blood count in blood donors
The mean values of hematological parameters such as RBC, Hb, HCT, MCV, MCHC, WBC, and PLT are presented in Table 2 . The mean values of erythrocyte parameters (RBC, Hb, HCT, and MCV) were significantly higher in men compared to women ( Table   2 ). Only MCHC was higher in women compared to men (p = 0.009). In contrast, the mean value of PLT was significantly higher in women compared to men (p < 0.001), while the WBC average was similar for both sexes (p = 0.068).
Abnormalities of blood donors' blood count by gender
The abnormalities of the hemogram of blood donors have been observed mainly in the erythrocytes. In fact, 69.4% and 84.4% of women had lower Hb and HCT levels, respectively, while 32.3% and 24.4% of them had MCV and MCHC values lower than the lower limits, respectively. Leukocyte and platelet counts showed little abnormality with 74.4% and 91.8% of female blood donors with WBC and PLT levels between baseline values ( Table 3 ).
In male blood donors, the abnormalities of the blood count mainly concerned erythrocytes with 45%, 52.2% and 28.6% with Hb, HCT, and MCHC levels below the lower limit and only 0.2%, 0.5%, and 1.7% of these had Hb, HCT, and MCHC levels above the upper limit (Table 3) . With respect to leukocytes and platelets, 29.02% and 16.2% of men had WBC and PLT counts below the lower limit and only 0.84% and 0.2% of these showed WBC and PLT rates above the upper limit (Table 3 ).
Comparison of blood count abnormalities in blood donors by gender
The three hematological parameters that have been taken into account are hemoglobin level (anemia), white blood cells (leukopenia and leukocytosis), and platelets (thrombocytopenia and thrombocytosis). The results show that women were significantly more frequently anemic than men (69.4% vs 45%, p < 0.001), while leukopenia and thrombocytopenia were significantly more common in men than women (29.02% vs 24.4%, p = 0.011 and 16.2% vs 7.5%, p < 0.001) ( Table 4 ). Only 1.0% of women and 0.84% of men had leukocytosis, and 0.7% of women and 0.2% of men had thrombocytosis (Table 4 ). 
Characterization of different levels and types of anemia in Libreville blood donors
Anemia was significantly more frequent in women compared to men in the age groups < 20 yrs and 20-29 yrs (2.0% vs 1.1%, p = 0.039 and 52.6% vs 46.7%, p = 0.002) ( Table   5 ). In contrast, among blood donors aged 40 to 49 years, anemia was more prevalent in men compared to women (16.1% vs 11.2%, p < 0.001).
With regard to the degree of anemia, slight anemia predominated in both women (63.2%) and men (84.8%). Severe or moderate anemia was observed in 4.3% and 32.5% of women and 1.3% and 13.9% of men, respectively. They were significantly more frequent in women compared to men (p < 0.001 and p < 0.001) ( Table 5 ). Normocytic normochromic and normocytic hypochromic anemia were most common among Libreville blood donors with 39.4% and 23.6%, respectively. They were followed by microcytic normochromic (18.7%) and microcytic hypochromic (13.2%) anemia. All types of hyperchromic anemia were found in 3.4% (77/2241) of blood donors. The different types of anemia were not associated with age of the blood donors (Table   6 ). Microcytic normochromic anemia was significantly more frequent in female blood donors compared to male blood donors (p < 0.001). While normocytic hypochromic or normochromic anemia were more prevalent in men than in women (p < 0.001 and p < 0.001) ( Table 6 ).
Discussion
This study was conducted with the aim of improving the qualification criteria for blood donation at the NBTC located in Libreville by including the results of the CBC in the transfusion process. The measurement of hematological parameters in blood donors by CBC allows the diagnosis of certain existing blood abnormalities in the donor to establish a first barrier against transmitted-transfusion infections. In Libreville blood donors, we observed that red cell parameters (RBC, Hb, HCT, and MCV) were higher in men compared to women. The mean of WBC was similar for both sexes. In contrast, the mean of PLT was higher among women than men which is in agreement with previous studies [13] [14] [15] . The mean values of red cell parameters vary with age and sex [16] .
Indeed, values are higher in men compared to women, which is in agreement with the results of a recent report [7] . On the other hand, no difference between women and men was found for the leukocyte count as previously reported [17, 18] . Leukocyte, platelet, and erythrocyte abnormalities of blood donors were assessed. CBC of blood donors showed that 70.8% of these showed no leucocyte abnormality. However, leukopenia was the most frequently observed WBC abnormality with a prevalence of 28.3%. Two previous studies in Nigeria and Cameroon reported the prevalence of leukopenia of 12.5% and 14.96% in blood donors [19, 20] . Leukopenia was significantly more prevalent in men than in women.
Leukocytosis was present in only 0.9% of Libreville blood donors, while it was the most observed leukocyte abnormality in Morocco with 5.27% [18] .
With respect to platelet count, 84.9% of blood donors had no platelet count abnormalities. Thrombocytopenia (14.8%) was the most observed abnormality compared to thrombocytosis (0.3%). Thrombocytopenia was significantly higher in men compared to women. Thrombocytopenia may be central or peripheral due to destruction or excessive consumption of platelets. In this study, thrombocytosis was higher in women than in men as reported previously [21, 22] . But the difference observed was not significant.
The observed thrombocytosis may be due in part to infections or iron deficiency [23] .
With regard to the erythrocyte, anemia was found in 49% of blood donors. The prevalence of anemia found in our study is significantly higher than those of 36.5%
and 28% observed, respectively, in Congo and Cameroon [20, 24] . Lower anemia prevalences of 8.6% has been reported in North Africa, particularly in Tunisia [25] . The most anemic age group was 20 to 29 yrs, with rates of 52.6% and 46.5%, respectively, for women and men. In Morocco, anemia rates of 43.5% and 42.5% were reported in the age group 30-39 yrs for both women and men [18] . In Congo, however, the prevalence of anemia was higher in the 40-49 age group, with 42.7% in both sexes [24] . The high prevalence of anemia found in this study could be explained by the high prevalence of hemoglobinopathies in Gabon such as alpha and beta thalassemias, sickle cell anemia, and Glucose-6-Phosphate Deshydrogenase deficiency [26] [27] [28] .
In this study, we found that women (69.4%) were more frequently anemic than men (45.0%). Many studies in Africa have also reported variable prevalence of anemia among women ranging from 49% in Tanzania to 16.9% in Tunisia [25, 29] . Slight anemia was found in 84.8% of men and 63.2% of women. These results suggest that anemia, according to thresholds established by the WHO, is probably well tolerated by blood donors in Gabon as few adverse events following blood donation in Libreville have been reported among blood donors. Therefore, it could be more appropriate to establish threshold hemoglobin values specific to the Gabonese population in particular and to populations of color in sub-Saharan Africa in general to define anemia.
In this study, the most common anemias in Libreville blood donors were normocytic normochromic (39.4%) and normocytic hypochromic (23.6%). The highest prevalence of normocytic normochromic anemia observed in Libreville blood donors is consistent with the prevalence of 46.74% reported previously in Ghana [30] . The distribution of these two types of anemia was not identical in both sexes. Normocytic normochromic and normocytic hypochromic anemia were significantly more frequent in men than in women.
In contrast of the studies of Bakrim et al. in Morocco and Nzengu-Lukusa in Democratic Republic of Congo (DRC) [18, 24] , who found high prevalence of microcytic anemia in blood donors, we observed microcytic normocytic and microcytic hypochromic anemia, respectively, in 18.7% and 13.2% of blood donors. Microcytic normochromic anemia Sudan Journal of Medical Sciences Cyrille Bisseye was significantly more frequent in women (34.6%) than men (13.9%). In this study, we did not perform iron assessment. However, the prevalence of 13.2% microcytic hypochromic anemia observed in Libreville blood donors may be associated with iron deficiency.
Indeed, previous studies in Burkina Faso, Tunisia, and India have shown the association between microcytosis and Iron deficiency anemia [25, 31, 32 ].
Conclusion
The aim of this study was to provide reliable data to advocate for pre-donation hemoglobin measurement in Libreville blood donors and to take into account CBC results in blood donation qualification. It appears that blood count abnormalities frequently encountered in blood donors were leucopenia, thrombocytopenia, and normocytic normochromic anemia. Since anemia is present in about half of the blood donor population, a specific hemoglobin threshold in Gabon from which a donation could be authorized should be defined.
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